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(54) SEMICONDUCTOR DEVICE 



(71) We, Philips Electronic and 
Associated Industries Limited, of 
Abacus House, 33 Gutter Lane, London, 
E.C2., a British Company, do hereby de- 
5 clare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement : 

10 

The invention relates to a semiconductor 
device comprising a semiconductor body 
having semiconductor zones of a transistor 
adjoining a surface of the body, said tran- 

15 sistor having an emitter contact which con- 
tacts only a single emitter zone of the tran- 
sistor, said emitter zone being a semicon- 
ductor surface zone which in the semi- 
conductor body is surrounded by the base 

20 zone, said base zone extending from the 
surface in the collector zone, a part of said 
collector zone having a lower resistivity than 
another part, the high resistivity part ex- 
tending at least partly between the base 

25 zone and the low resistivity part and the 
low resistivity part being present at least 
below the whole base zone. 

As is known, planar bipolar transistors 
are used, for example, in integrated circuits 

30 in which the collector zone is formed by a 
comparatively high resistivity isolated 
region or island; in order to reduce the col- 
lector series resistance in said island, a com- 
paratively low resistivity part in the form 

35 of a buried layer is provided below the base 
zone at some distance from said base zone. 

Such transistors are often operated in 
saturation, for example, when they are used 
as electronic switches as is the case in many 

40 logic circuits. It is then inter alia of im- 
portance that in the conductive condition 
of the switch the series resistance be as 
small as possible. Transistors for said use 
therefore preferably have a low saturation 

45 voltage or knee voltage. 

According to the invention there is pro- 



vided a semiconductor device comprising a 
semiconductor body having semiconductor 
zones of a transistor adjoining a surface of 
the body, said transistor having an emitter 50 
contact which contacts only a single emitter 
zone of the transistor, said emitter zone 
being a semiconductor surface zone which 
in the semiconductor body is surrounded by 
the base zone, said base zone extending 55 
from the surface in the collector zone, a 
part of said collector zone having a lower 
resistivity than another part, the high re- 
sistivity part extending at least partly be- 
tween the base zone and the low re- 60 
sistivity part, and the low resistivity part 
being present at least below the whole base 
zone, and the emitter zone extending in a 
portion of the base zone which is entirely 
surrounded at the surface by an adjoining 65 
thicker portion of the base zone, which 
thicker portion reaches from the surface at 
least down to the low resistivity part of the 
collector zone. 

Such a transistor can have a compara- 70 
tively low saturation voltage. 

Such a semiconductor device may be con- 
structed as a single circuit element in which 
the semiconductor body is formed, for ex- 
ample, by a low resistivity substrate on 75 
which an epitaxial layer of the same con- 
ductivity type but having a higher resis- 
tivity is provided. Preferably, however, the 
transistor forms part of an integrated circuit 
in which the collector zone consists of a 80 
surface region which is electrically separated 
from a remaining part of the semiconductor 
body and in which at the surface the base 
zone and the emitter zone are provided, the 
low resistivity part of the collector zone 85 
being constructed as a buried layer. 

The collector zone may be separated and, 
at least during operation, be isolated elec- 
trically from the remaining part of the semi- 
conductor body in known manner by means 90 
of p-n junctions and /or grooves and /or in- 
sulating material. 
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In a preferred form of such a semiconduc- 
tor device the surface region forming the 
collector zone is electrically separated from 
the remaining part of the semiconductor 
5 body in a lateral direction by a surface- 
adjoining separation zone of a conductivity 
type opposite to that of the collector zone, 
which separation zone and the thicker por- 
tion of the base zone have substantially the 

10 same surface concentration and, in a direc- 
tion transverse to the surface, substantially 
the same variation of the doping concen- 
tration with the distance to the surface- 
In this manner the thicker portion of the 

*5 base zone can be obtained simultaneously 
with the doping operation necessary for the 
electric isolation of the circuit elements, so 
that no extra operations need be introduced 
in the manufacturing process. 

20 A surface zone of the same conductivity 
type but having a higher doping concentra- 
tion (i.e. a low resistivity) is preferably pre- 
sent in the collector zone, said surface zone 
adjoining the base zone at the surface and 

2 5 preferably surrounding the base zone as 
much as possible. 

It can be further advantageous for the 
emitter zone at the surface to cover the 
whole thinner portion of the base zone pre- 

30 sent within the thicker portion. As will be 
explained hereinafter, this structure can be 
manufactured in a comparatively simple 
manner. 

A conductive contact to the base zone is 
35 preferably provided on the thicker portion 
of the base zone, the contact surface be- 
tween said contact and the base zone being 
present entirely within said thicker portion. 
Embodiments of the invention will now 
40 be described, by way of example, with re- 
ference to the accompanying drawing, in 
which : — 

Fig. 1 is a diagrammatic plan view of a 
first semiconductor device in accordance 

45 w ith the invention; 

Fig. 2 is a diagrammatic cross-sectional 
view of said first device and taken on the 
line II-II of Fig. U and 

Fig. 3 is a diagrammatic cross-sectional 

50 view of a second semiconductor device in 
accordance with the invention. 

The semiconductor device shown in Figs. 
1 and 2 has a semiconductor body 1 a sur- 
face 2 of which the semiconductor zones 3, 

55 4 and 5 of a transistor adjoin. The base zone 
4 is a surface zone which extends from the 
surface 2 in the collector zone 5 and which 
surrounds in the semiconductor body a 
single emitter zone adjoining the surface 2. 

60 Part of the collector zone 5 is formed by 
the substrate 5a and has a lower resistivity 
than the part 5 b formed by an epitaxial 
layer provided on the substrate and having 
the same conductivity type as the substrate 

65 but a lower doping concentration. The high 



resistivity part 5b is present at least partly 
between the base zone 4 and the low resis- 
tivity part 5a 9 while the low resistivity part 
5a extends below the whole base zone 4. 

In accordance with the invention, the base 70 
zone 4 has a portion 4a in which the emitter 
zone 3 extends and an adjoining thicker 
portion 4b which surrounds the thin portion 
4a entirely at the surface and which from 
the surface 2 reaches at least down to the 75 
low resistivity part 5a of the collector zone 
5. It has been found that by arranging the 
thick portion 4b of the base zone to be 
annular, at least with a closed geometry, 
around the emitter zone 3 and causing said 80 
portion 4b to adjoin moreover the low re- 
sistivity part 5a of the collector zone 5, a 
considerable reduction of the saturation vol- 
tage or knee voltage of the transistor is 
achieved. In this case it is of particular im- £5 
portance that the thick portion 4b of the 
base zone should form a closed region 
which surrounds the emitter zone entirely. 
The part of the high resistivity portion 5b 
of the collector zone adjoining the thin por- 90 
tion 4a of the base zone below the emitter 
zone 3 is then fully enclosed within the base 
zone 4 and the low resistivity part 5a of the 
collector zone. 

A further reduction of the saturation vol- 95 
tage of said transistor can be achieved by 
providing in the high resistivity portion 5b 
of the collector zone a more highly-doped 
(low-resistivity) zone 5c which adjoins the 
base zone 4 at the surface 2 and which sur- 100 
rounds the base zone 4 as much as possible 
and preferably entirely. 

An insulating layer 6 is present on the 
semiconductor surface and has apertures 
through which the emitter zone 3 and the 105 
base zone 4 can be connected to a conduc- 
tive contact (not shown). The emitter zone 
3 is provided with its own conductive con- 
tact, that is to say a contact by means of 
which said emitter zone during operation 110 
can be used independently of possible simi- 
lar zones belonging to the transistor and can 
be connected in a circuit. The contact sur- 
face between the base zone 4 and the con- 
ductive contact connected therewith which 115 
contact surface area is determined by the 
aperture present above the base zone 4 is 
entirely present within the thick portion 4b 
of the base zone. In this manner the thin 
portion 4a remains available entirely as an 120 
active base zone. The collector zone may be 
provided, for example, with a conductive 
contact on the lower side of the semicon- 
ductor body 1. Such a connection is de- 
noted diagrammatically by reference 8 in 1^5 
Fig. 2. 

The semiconductor device shown in Fig. 
3 is an integrated circuit having a semi- 
conductor substrate 11 of one conductivity 
type which is provided with a surface layer 1 30 
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12 of the opposite conductivity type. Parts 

13 and 14 of said surface layer 12 are sepa- 
rated laterally from each other and from the 
remaining part of the surface layer by means 

5 of separation zones 15 of the one conduc- 
tivity type which extend from the surface 
16 through the layer 12 down to or down 
into the substrate 11. 

A transistor is provided in each of the 

10 isolated regions or islands 13 and 14 sepa- 
rated from the remaining part of the semi- 
conductor body. For said purpose, said 
islands each have a buried layer 17 of said 
opposite conductivity type which is present 

35 at the boundary between the substrate 11 
and the surface layer 12. The island 14 com- 
prises a transistor of a conventional struc- 
ture having a collector zone 14 which is 
provided with a buried layer 17 and a deep 

20 contact zone 1 8 which extends from the sur- 
face 16 down to the buried layer and which 
both serve to reduce the collector-series 
resistance and furthermore a base zone 19 
of a substantially uniform depth of pene- 

25 tration and an emitter zone 20. 

The integrated circuit described so far 
with the transistor present in the island 14 
can be manufactured entirely in a manner 
conventionally used in semiconductor tech- 

30 nology and with the conventional photo- 
etching, masking and doping methods. An 
important advantage of the present inven- 
tion is that with the same manufacturing 
process and without the introduction of 

35 extra operations, transistors having a rela- 
tively low saturation voltage can also be 
incorporated. Such a transistor is present 
in the island 13 which forms the collector 
zone and which is provided with a buried 

-40 layer 17 like the island 14. Simultaneously 
with the provision of the separation zones 
15, an annular zone 24b is provided in the 
island 13 which, inter alia due to the com- 
paratively high doping concentration of the 

-45 buried layer 17, does not reach down into 
the substrate 1 1 but terminates on the buried 
layer 17 and forms a (part of a) p-n junction 
2la therewith. The zone 246 provided in 
this manner will have substantially the same 

*50 surface doping concentration, and (in a di- 
rection transverse to the surface) substan- 
tially the same variation of the doping con- 
centration with the distance to the surface. 
The annular, at least closed, zone 24Z> has 

55 an aperture in which the thin portion 24a of 
the base zone 24 can be provided simul- 
taneously with the base zone 19. No accu- 
rate masking for the zone 24a need be pro- 
vided. The aperture in the masking layer 

^60 through which the doping is provided need 
only be larger on all sides than the aperture 
in the zone 24b present within said aperture. 
The edge of the aperture in the masking 
layer preferably coincides approximately 
65 with the outer boundary 2\b of the zone 



24b. No accurate alignment treatment need 
be carried out either for the emitter zone 23 
which can be provided simultaneously with 
the zone 20. The emitter zone 23 may cover 
the thin portion 24a of the base zone en- 70 
tirely at the surface and may reach to or 
into the thick portion 24Z> in the lateral di- 
rection. During operation the injection of 
charge carriers from the emitter zone 23 will 
take place substantially entirely via the part 75 
of the emitter-base junction which adjoins 
the thin portion 24a of the base zone and 
is present at a comparatively short distance 
from the base-collector junction, in particu- 
lar with the low currents and voltages for 80 
which the transistor is in particular suitable. 

The transistor having a low saturation 
voltage is intended in particular for use at 
low voltages and currents and therefore pre- 
ferably has only a single emitter zone. For 8 ^ 
completeness' sake it is to be noted, how- 
ever, that for special uses, for example in a 
long-tailed pair, a second zone of the same 
conductivity type may be provided simul- 
taneously with the emitter zone 23. Said 90 
second zone may be provided together with 
the zone 23 in the same thin base portion 
24a or in a second thin base portion which 
is separated therefrom and which in turn is 
also surrounded by the thick portion 24b. 95 
The second zone has its own conductive 
electric connection separated from that of 
the first emitter zone 23 and may either be 
used as a second independent emitter zone 
or may serve as a collector zone of a lateral 100 
transistor formed by the emitter zone 23, 
the base zone 24 and the said second zone. 

Simultaneously with the collector zone 
18, a more highly doped (low resistivity) 
zone 26 belonging to the collector zone 13 105 
may toe provided around the thick portion 
24Z> of the base zone. It will be obvious 
that, although the deep zones 18 and 26 are 
particularly favourable with a view to the 
collector series resistance of the transistors 110 
and the deep zone 26 moreover has a 
favourable influence on the inverse current 
amplification factor and hence on the satu- 
ration voltage of the transistor in the island 
13, shallower zones may also be used in- 115 
stead of said zones, and be provided, for 
example, simultaneously with the emitter 
zones. As a result of this the manufacturing 
process can be simplified by saving a doping 
operation and /or space can be saved at the 120 
semiconductor surface. Such a slightly sim- 
plified transistor structure also provides a 
considerable reduction of the saturation 
voltage. Whereas for a transistor of the con- 
ventional structure, for example, a satura- 125 
tion voltage of approximately 70 mV was 
measured, for a transistor of the described 
new structure provided simultaneously the 
saturation voltage in otherwise the same 
conditions was only approximately 14 mV. 130 
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An insulating layer 27 is present on the 
semiconductor surface 16 in which in the 
usual manner by means of a pattern of con- 
ductor tracks 28 and via apertures in the 
5 insulating layer 27, electric contacts and 
connections can be obtained in the desired 
places. The lower side of the substrate 11 
may also be provided with an electric con- 
nection. 

Thus, there is provided a semiconductor 
device having a transistor which is simple 
to fabricate and has a very low saturation 
voltage in which during operation transistor 
action occurs substantially only in the 
15 region determined by the thin base portion 
24a 9 whereas, when the collector zone serves 
as an emitter zone, the injection of charge 
carriers is substantially entirely restricted to 
the part 21c of the base-collector junction 21 
20 present below the emitter zone 23. 

Such a semiconductor device in accord- 
ance with the invention is particularly suit- 
able for use at low currents and voltages 
such as in battery-operated circuits. The 
25 slightly reduced collector-base breakdown 
voltage will be no objection either in cir- 
cuits of this type. Moreover, for example, 
in circuits for clockworks, the memory func- 
tion of the comparatively large base-collec- 
30 tor capacitance may effectively be used. 

It will be obvious that many variations 
are possible to those skilled in the art with- 
out departing from the scope of this inven- 
tion. For example, the transistor with low 
35 saturation voltage may also form part of 
integrated circuits in which other known 
isolation methods have been used for the 
mutual separation of the circuit elements. 
For example, the isolation zones 15 in Fis. 
40 3 may be replaced entirely or partly by 
grooves and /or by insulating material. As 
is known insulating layers which are sunk 
entirely or partly in the semiconductor body 
and which can be obtained, for example. 
45 by local oxidation may inter alia be used 
for this purpose. The more highly doped 
zones 5c and 26 which counteract the injec- 
tion over the outer upright edge of the thick 
base portions 4b and 26, respectively, mav 
50 also be replaced by a groove and /or bv in- 
sulating material. 

WHAT WE CLAIM IS: — 

1. A semiconductor device comprising a 

55 semiconductor body having semiconductor 
zones of a transistor adjoining a surface of 
the body, said transistor having an emitter 
contact which contacts only a single emitter 
zone of the transistor, said emitter zone be- 

60 ing a semiconductor surface zone which in 
the semiconductor body is surrounded by 
the base zone, said base zone extending 
from the surface in the collector zone, a 
part of said collector zone having a lower 

65 resistivity than another part, the hioh re- 



sistivity part extending at least partly be- 
tween the base zone and the low resistivity 
part, and the low resistivity part being pre- 
sent at least below the whole base zone, and 
the emitter zone extending in a portion of 70 
the base zone which is entirely surrounded 
at the surface by an adjoining thicker por- 
tion of the base zone, which thicker portion 
reaches from the surface at least down to 
the low resistivity part of the collector zone. 75 

2. A semiconductor device as claimed 
in Claim 1, in which the transistor forms 
part of an integrated circuit, and the col- 
lector zone consists of a surface region 
which is electrically separated from a re- 80 
maining part of the semiconductor body and 

in which at the surface the base zone and 
the emitter zone are provided, the low re- 
sistivity part of the collector zone being 
constructed as a buried zone. 35 

3. A semiconductor device as claimed 
in Claim 2, in which the surface region 
forming the collector zone is electrically 
separated from the remaining part of the 
semiconductor body in a lateral direction by 90 
a surface-adjoining separation zone of a 
conductivity type opposite to that of the 
collector zone, which separation zone and 
the thicker portion of the base zone have 
substantially the same surface doping con- 95 
centration and, in a direction transverse to 
the surface, substantially the same variation 

of the doping concentration with the dis- 
tance to the surface. 

4. A semiconductor device as claimed 100 
in any of the preceding Claims, in which 

the base zone is provided at the surface 
with a conductive contact in which the con- 
tact surface area between the base zone and 
said contact is present entirely within the 105 
thicker portion of the base zone. 

5. A semiconductor device as claimed 
in any of the preceding Claims, in which the 
base zone is surrounded entirely at the sur- 
face by a low resistivity part of the collector 1 10 
zone, which low resistivity part adjoins the 
base zone. 

6. A semiconductor device as claimed in 
any of the preceding Claims, in which the 
emitter zone at the surface covers the whole 115 
thinner portion of the base zone. 

7. A semiconductor device substantially 
as described with reference to Figures 1 and 
2 of the accompanying drawing. 

8. A semiconductor device substantially 120 
as described with reference to Figure 3 of 

the accompanying drawing. 

C. A. CLARK, 
Chartered Patent Agent, 
Century House, 
Shaftesbury Avenue, 
London, WC2H 8 AS. 

Agent for the Applicants. 
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